ABSTRACT: A combination of tiletamine-zolazepam/xylazine (TZ/X) is effective in the chemical immobilization of white-tailed deer (Odocoileus virginianus); however, the lengthy duration of immobilization may limit its usefulness. From October to November 2002, 21 captive female deer were assigned randomly to an ␣ 2 antagonist treatment to reverse xylazine-induced sedation (seven does per group). All deer were given 220 mg of TZ (4.5Ϯ0.4 mg/kg) and 110 mg of X (2.2Ϯ0.2 mg/kg) intramuscularly (IM). Antagonist treatments were either 200 mg of tolazoline (4.0Ϯ0.4 mg/kg), 11 mg of atipamezole (0.23Ϯ0.02 mg/kg), or 15 mg of yohimbine (0.30Ϯ0.02 mg/kg) injected, half intravenously and half subcutaneously, 45 min after the IM TZ/X injection. In addition, 10 other deer (five per group) were immobilized as before and then given tolazoline (200 mg) after 45 min, with either a carrier (dimethyl sulfoxide [DMSO]) or carrier (DMSO) plus flumazenil (5 mg) to reverse the zolazepam portion of TZ. Mean times from antagonist injection until a deer raised its head were different for ␣ 2 antagonist treatments (Pϭ0.02). Times were longer for yohimbine (62.3Ϯ42.7 min) than for either atipamezole (24.3Ϯ17.1 min) or tolazoline (21.3Ϯ14.3 min). Mean times from antagonist injection until standing were not different (Pϭ0.15) among yohimbine (112.0Ϯ56.4 min), atipamezole (89.7Ϯ62.8 min), or tolazoline (52.6Ϯ37.2 min). A sedation score based on behavioral criteria was assigned to each deer every 30 min for 5 hr. On the basis of sedation scores, tolazoline resulted in a faster and more complete reversal of immobilization. Flumazenil treatment did not affect recovery.
INTRODUCTION
One of the most commonly recommended drug combinations for the remote immobilization of wild white-tailed deer (Odocoileus virginianus) is Telazol (TZ) plus xylazine (X; Kreeger, 1996; Kilpatrick and Spohr, 1999) . Deer have also been remotely immobilized using ketamine plus xylazine (K/X); however, shorter flight distances after darting and smaller search areas have been reported with the use of TZ/ X vs. K/X (Kilpatrick and Spohr, 1999) . Therefore, TZ/X greatly facilitates the capture of white-tailed deer and is effective and safe when it is administered under field conditions (Kilpatrick and Spohr, 1999; Murray et al., 2000) . One problem with TZ/X immobilization is the extended recovery time for deer (Millspaugh et al., 1995; Nielsen, 1999; Miller et al., 2003) .
Prolonged TZ/X immobilization might lead to decreased survival of deer, which must respond quickly to dangerous environmental situations. Complications from extended immobilization may also cause concerns with sensitive darting situations in urban/suburban areas.
Telazol is a combination of tiletamine (tiletamine hydrochloride) and zolazepam (zolazepam hydrochloride) in a 1:1 ratio (Haigh et al., 1985) . Tiletamine is a cyclohexanone dissociative anesthetic with no known antagonist. Zolazepam, a benzodiazepine, has been successfully antagonized with flumazenil (FLU) and sarmazenil (Spelman et al., 1997; James et al., 1999; Walzer and Huber, 2002) . There have been no published reports of the use of FLU or sarmazenil in white-tailed deer.
Xylazine is an ␣ 2 -andrenergic agonist that is often used in combination with TZ. Although many ␣ 2 antagonists have been used to reverse the effects of X, there have been few comparisons of these compounds for antagonizing X in white-tailed deer.
The purpose of the present study was to 1) identify the most effective ␣ 2 antagonist for X reversal and 2) determine whether the addition of the benzodiazepine antagonist FLU would improve recovery from TZ/X immobilization in white-tailed deer. To prevent any confounding effects of reproductive hormones from males during the rut, only adult females were used (2.5-12.5 yr old). Mean weights (ϮSD) of the deer were 49.7Ϯ4.7 kg. Each deer was manually restrained in a squeeze chute and was given 220 mg of TZ (100 mg/ml; Fort Dodge Animal Health, Fort Dodge, Iowa, USA) and 110 mg of X (Cervizine; Wildlife Pharmaceuticals, Inc., Fort Collins, Colorado, USA) via intramuscular (IM) injection into the hindquarters (modified from Miller et al., 2003) . Immediately after drug injection, deer were released into a 15ϫ20-m observation pen, and the times (min) to first noticeable drug effect, sternal recumbency, and lateral recumbency were recorded. Once recumbent, each deer was carried to a centralized examination area and treated with ophthalmic ointment (Paralube Vet Ointment; Pharmaderm, Melville, New York, USA), to prevent corneal drying. Deer were masked and weighed to the nearest 0.45 kg on a platform scale.
METHODS AND STUDY AREA
Twenty-one deer were assigned randomly to one of three ␣ 2 antagonist treatments. Treatments were either 200 mg of tolazoline (100 mg/ml, Tolazine ; Lloyd Laboratories, Shenandoah, Iowa, USA), 11 mg of atipamezole (5 mg/ ml, Antisedan ; Pfizer Animal Health, Exton, Pennsylvania, USA), or 15 mg of yohimbine (5 mg/ml, Antagonil ; Wildlife Pharmaceuticals), injected half intravenously (IV) and half subcutaneously, 45 min after the TZ/X injection. To facilitate a metered IV delivery of antagonists, sterile saline was added (when necessary) to syringes until total volumes reached 2 ml. All IV injections were delivered over 30 sec.
Ten additional immobilizations were conducted as described above, with deer being randomly assigned to one of two treatments. However, five deer were assigned to a control group, which received tolazoline as described above, plus a second IM injection of 3.6 ml 99% dimethyl sulfoxide (DMSO; The Butler Company, Columbus, Ohio, USA). Five deer were assigned to a group that received tolazoline as before, plus a second IM injection of 3.6 ml DMSO containing 5 mg of FLU (SigmaAldrich, St. Louis, Missouri, USA). The use of DMSO as a carrier was necessary because of the low solubility of FLU (Sigma-Aldrich).
The time until each deer raised its head or reached a standing position was recorded. Beginning 30 min after the antagonist injection, a sedation score was assigned to each deer at 30-min intervals for 5 hr. Scores were based on the following behavioral criteria and evaluated on a scale from 5 to 0: 5 ϭ lateral recumbency with no sign of reversal; 4 ϭ lateral recumbency, unable to maintain the head erect, and noticeable eye or ear movement; 3 ϭ unable to stand, fairly dazed and unsteady, but able to hold head up; 2 ϭ standing with moderate ataxia, braced stance, and sometimes lowered head; 1 ϭ minimal sedation characterized by drooping eyelids; 0 ϭ no sign of sedation. In addition, the times from antagonist injection to head raising (head-up) and standing were recorded.
Differences among the three antagonist treatments for time of head-up, time until standing, and sedation scores were determined by one-way analysis of variance for each 30 min time period and Duncan's multiple-range test (SAS Institute, Cary, North Carolina, USA). Treatment-related differences in time until head-up, time until standing, and sedation scores for the DMSO control group and the FLU/DMSO groups were determined with Student's t-test. Differences among treatments were evaluated at PϽ0.05.
RESULTS
Deer were satisfactorily immobilized on all 31 occasions with an IM injection of 220 mg of TZ (4.5Ϯ0.4 mg/kg) and 110 mg of X (2.2Ϯ0.2 mg/kg). Mean times (ϮSD) from TZ/X injection to first effect, sternal recumbency, and lateral recumbency were 1.4Ϯ0.5, 2.4Ϯ0.7, and 3.0Ϯ0.9 min, respectively.
Mean times from antagonist injection until head-up were longer for deer that received yohimbine than deer treated with either atipamezole or tolazoline (Table 1) . However, mean times from antagonist injection until standing were not different among yohimbine, atipamezole, or tolazoline (Table 1) . Mean sedation scores for all three treatments decreased with time after the antagonist injection (Fig. 1) . During the first 2 hr after the antagonist injection, mean sedation scores were higher for yohimbine than for atipamezole or tolazoline treatments. The mean sedation scores for atipamezole treatments were higher than those of tolazoline treatments in two of 10 observation periods (Fig. 1) .
No treatment-related differences between the DMSO control group and the FLU/DMSO group were found for headup times (19.8Ϯ13.1 and 24.6Ϯ13.8, respectively) or standing times (49.0Ϯ47.3 and 83.0Ϯ50.1, respectively). No treatment-related differences were detected for mean sedation scores in any of the observation periods between DMSO control and the FLU/DMSO groups.
DISCUSSION
Although, yohimbine, an ␣ 2 antagonist has long been used for reversal of xylazine in white-tailed deer (Hsu and Shulaw, 1984; Mech et al., 1985) our results demonstrate that yohimbine does not antagonize the sedative effects of xylazine on deer as quickly or completely as atipamezole or tolazoline.
Atipamezole is more potent and selective for ␣ 2 receptors than tolazoline or yohimbine (Jalanka and Roeken, 1990; Arnemo et al., 1993; Kreeger, 1996) . Atipamezole is a specific ␣ 2 -antagonist that is primarily used for the reversal of medetomidine (a specific ␣ 2 agonist). Ancrenaz (1994) reported that atipamezole was effective at reversing xylazine immobilization in captive Arabian oryx (Oryx leucoryx); however, there was a problem with resedation occurring 2-5 hr after atipamezole injection in many of the animals. Nicholls et al. (1996) reported that grey duikers (Sylvicapra grimmia) immobilized with K/ X showed variable reversal of sedation with atipamezole. Complete reversal of xylazine-induced immobilization by atipamezole has been reported in axis deer (Axis axis; Arnemo et al., 1993) . However, on the basis of sedation scores, Arnemo et al. (1993) reported atipamezole performed comparably to tolazoline until 2-3 hr after antagonist injection. We also observed similar trends in sedation scores for atipamezole and tolazoline (Fig. 1) .
Compared with atipamezole and yohimbine, tolazoline has the lowest affinity for all ␣ 2 -adrenergic receptor subtypes (Schwartz and Clark, 1998) . Tolazoline has been effective in antagonizing xylazine in white-tailed deer (Kreeger et al., 1986; Dew, 1988; Del Giudice et al., 1989) . Although sedation scores for tolazoline were only statistically lower than scores for atipamezole in two of 10 observation periods and were lower than yohimbine in six of 10 observation periods, we believe that tolazoline qualitatively outperformed yohimbine and atipamezole in the present study (Fig. 1) .
Flumazenil is an antagonist with a great affinity for benzodiazepine receptors and rapidly reverses all actions of benzodiazepines, such as zolazepam, without adverse side effects (Klein and Klide, 1989) . The recovery time of river otters (Lutra canadensis) immobilized with TZ was shortened with the use of FLU at a ratio of 1 mg FLU to 25 mg zolazepam (Spelman et al., 1997) . Anesthesia of babirusa (Babyrousa babyrussa) immobilized with TZ/X was effectively reversed with the combination of yohimbine and FLU at a ratio of 1 mg FLU to 20 mg zolazepam (James et al., 1999) . Walzer and Huber (2002) reported partial antagonism of TZ-treated cheetahs using FLU and another benzodiazepine antagonist, sarmazenil.
In the present study, the deer given FLU in a DMSO carrier at a ratio of 1 mg FLU to 22 mg zolazepam did not recover faster than the DMSO control deer. Walzer and Huber (2002) believed that the effects of benzodiazepine antagonists could not be predicted for different species immobilized with TZ. We did not find any reference for using FLU in cervids; however, the recovery of TZ/X-treated red deer (Cervus elaphus hippelaphus) was not hastened by the use of another benzodiazepine antagonist, samarzenil (Janovsky et al., 2000) . It is possible that deer are not as responsive to benzodiazepine antagonists as other species. Additionally, FLU is only soluble at Յ1.5 mg/ml DMSO (Sigma-Aldrich). The extensive dilution of FLU may have reduced its efficacy. The cost for each antagonist was $5.63/deer for yohimbine, $18.92/deer for atipamezole, $2.56/deer for tolazoline, and $22.72/deer for FLU.
The reversal of TZ/X immobilization can be accomplished with any of the three ␣ 2 -antagonists tested. However, tolazoline reversed the effects of TZ/X more rapidly and more completely than either atipamezole or yohimbine, and tolazoline was the least expensive antagonist. The addition of FLU did not have any noticeable effects on recovery from TZ/X immobilization. On the basis of these results, we recommend the use of TZ/X for darting wild white-tailed deer and partial antagonism with tolazoline.
